ABSTRACT Broiler chickens were examined for the effects of low (400 IU/kg), standard (1,500 IU/kg), or high (15,000 IU/kg) dietary vitamin A (VitA) levels on immune responsiveness postimmunization to Newcastle disease virus (NDV). A control pair-fed group (1,500 IU/kg) was included to compensate for the reduced feed intake associated with diet containing the low level of VitA. Interdigital skin reactions to phytohemagglutinin (PHA) and CD4:CD8 T lymphocyte ratios were significantly reduced in chickens fed the low VitA diet, whereas their antibody responses to NDV were significantly increased as compared to birds that consumed the 1,500 to 15,000 VitA diet ad libitum. On the other hand, birds on the high VitA diet had reduced lymphocyte responses to concanavalin A and pokeweed, but not to PHA. No effect of dietary VitA was observed for natural killer activity, nor on levels of percentage of cells expressing Class II MHC antigens among groups that consumed feed ad libitum. The results indicated that both humoral and cellular immune responses were modulated by levels of VitA in the diet, and suggest that VitA-deficient chickens developed a T helper (Th)2 immune response, whereas the chickens fed highly enriched VitA diet showed a Th1 immune response.
INTRODUCTION
Interest in using immunomodulators to improve cellular and humoral immune functions and resistance to infections in chickens and other domestic animals has increased in the last decade. Among the factors that have been found to modulate immune functions, vitamin A (VitA) and its different forms have been considered. Clear evidence exists that VitA deficiency is associated with impaired immune functions and reduced resistance to infection Friedman and Sklan, 1989a; Bowman et al., 1990; Friedman et al., 1991) . On the other hand, very high intake of VitA in chickens has been shown in some studies, but not all, to severely depress antigen-specific immune responses as measured by antibody response and lymphocyte proliferation (Friedman and Sklan, 1989b; Friedman et al., 1991) ; however, there is evidence from other studies in animals and humans that administration of VitA affects both specific and nonspecific arms of the immune system. For instance, cytokine production, lymphocyte blastogenesis, natural killer (NK) cell activity, and phagocytosis have been reported to increase after VitA treatment (see Ross, 1992 for a review).
Interactions between different cells involved in the immune response and production of cytokines by activated T cells have been found to play an important role in whether immune responses develop into primarily cell-mediated or primarily antibody-mediated response pathways in mice and humans (Scott and Kaufmann, 1991) . In mice, it has become clear that cellmediated and antibody-mediated immune responses are regulated by distinct subsets of CD4 + T lymphocytes, classified as Th1 and Th2 (Mossmann and Coffman, 1989) . In predominant Th1 responses, enhancement of several cytotoxic mechanisms and inflammatory reactions is expected because of the production of interferongamma (IFN-g), whereas Th2 type responses are characterized by production of cytokines, such as interleukin (IL)-4, which provide efficient help to B lymphocytes to trigger strong antibody responses. Recently, it was reported that mice maintained on a VitA-deficient diet had abnormal cytokine production patterns and disturbed cross-inhibitory patterns among regulatory T cell subsets (Carman and Hayes, 1991) . These effects led to impaired antibody-mediated immunity that could be reversed by VitA repletion. Changes in cytokine patterns due to VitA could also affect other functional properties of immunocompetent cells, including NK activity, expression of cell surface antigens such as MHC class II molecules, and functional properties of CD4 + and CD8 + T lymphocytes.
In chickens, as in mammals, ab T lymphocytes in peripheral lymphoid tissues can be generally divided into CD4 + and CD8 + subpopulations (Chan et al., 1988) . Although Th1 and Th2 subsets have not been described in chickens and other domestic animals, immune reactions of both types have been observed. In general, CD4 + T lymphocytes carry out helper functions and exert these through secreted cytokines, whereas CD8 + T cells are mainly effector cells in cytotoxic responses, although they can produce some cytokines in response to antigenic stimulation (Arstila et al., 1994) .
This study was undertaken to examine the effects of VitA on cellular and humoral immune responses by maintaining meat type chickens either on low, standard, or high VitA. To evaluate these responses, we measured antibody responses to injected Newcastle disease virus (NDV), lymphocyte proliferative responses, and skin reactions to mitogens, cytotoxic activity of NK cells, percentages of T lymphocytes expressing CD4 and CD8 molecules, and numbers of cells expressing the MHC class II molecule.
MATERIALS AND METHODS

Animals and Treatments
Meat-type laying hens maintained on diets containing 2,000, 4,870 or 16,000 IU of VitA/kg of diet were inseminated, and fertilized eggs were saved for two periods of 2 wk. Two hatches at 21-d intervals were planned. At each hatch, four groups of 58 chicks were formed using a randomized complete block design. Chicks were exposed to the same type of VitA regimen as their dams. Thus chicks from hens maintained on the 2,000 IU/kg VitA diet were allocated to the soybean mealwheat diet containing 400 IU/kg of VitA, whereas chicks from hens maintained on 4,870 IU/kg VitA diet received the 1,500 IU/kg VitA diet, and chicks from hens fed the 16,000 IU/kg were fed the 15,000 IU/kg VitA diet. A pairfeeding group fed with the 1,500 VitA diet (1,500PF) was also included to control for the effect of reduced feed intake associated with diet containing low level of VitA. Feed consumption of this group was adjusted to amounts of feed eaten by birds maintained on the 400 VitA diet. The basal soybean meal-wheat diet was supplemented with a vitamin and mineral premix free of VitA, and met the nutrient requirements given in NRC for all other nutrients. Retinyl palmitate (30,000 IU/g) was used to adjust the concentration of the experimental diet to the level desired. All birds received their respective diet from hatch to 9 wk of age, and had free access to water. Chicks were housed on the floor in eight pens (one pen per group per hatch) and did not receive vaccines routinely given after hatch to the flock. There was no bird contact between pens, but as all pens were in the same room, environmental isolation of pens was not possible.
At 5 wk of age, each bird received a subcutaneous injection of a commercially available live NDV vaccine. Eight birds from each group per hatch were euthanatized by CO 2 exposure before injections and subsequently at 3, 7, 14, 21, and 31 d postinjection. After blood samples were taken, spleens and livers were excised. Body, spleen, and liver weights were recorded. Livers and sera were frozen until assay, respectively, for VitA and antibody responses to NDV. Ten extra birds left in each group were used to evaluate the delayed type hypersensitivity reaction at 22 d after NDV injection. Interdigital skin tests to phytohemagglutinin (PHA) were performed as described by Corrier and DeLoach (1990) .
Determination of Retinol
Liver samples were homogenized and saponified according to Davila et al. (1985) . Unsaponified lipids were extracted in hexane, evaporated under nitrogen and redissolved in diethyl ether (25 mL), with subsequent addition of methanol (75 mL). Analysis of VitA was by the HPLC method of Catignani et al. (1983) , using retinyl acetate as standard. Separation was performed on a reversed-phase (m-Bondapak C18; 10 mm particle size) column (3.9 × 300 mm) 3 with methanol-water (95:5) as a mobile phase. A fluorescence detector was used with excitation and emission wavelengths of 325 and 480 nm.
Lymphocyte Blastogenesis Test
Cellular suspensions were prepared from each spleen and lymphocyte responses to different mitogens were tested as previously described (Lessard et al., 1995) . Briefly, cell suspensions were washed twice in cold Hank's basal salt solution and adjusted to desired concentrations in RPMI-1640 supplemented with 10 mM HEPES buffer and 1% of an antibiotic solution containing 10,000 U/mL penicillin and 10,000 mg/mL streptomycin (RPMI medium). The concentration of spleen cells was adjusted to 5 × 10 6 per milliliter in RPMI medium supplemented with 5% fetal bovine serum (FBS), and lymphocyte responses to concanavalin A (Con A), PHA, and pokeweed (PW) at various concentrations were tested. Log 10 transformation was applied to counts per minute (cpm) of mitogen-stimulated cells.
Cytotoxic Activity of NK Cells
The standard 51 Cr release assay as previously described was used (Lillehoj and Chai, 1988; Lessard et al., 1995) . Briefly, in each well of U-bottom 96-well microtiter plates, 100 mL of labelled cell line LSCC-RP9 at a concentration of 1 × 10 5 cells per milliliter in RPMI medium supplemented with 10% FBS were added to 100 mL of chicken cell suspensions at effector to target (E:T) ratios of 100:1 and 50:1. At the end of the 4-h incubation period, 120 mL of supernatant was removed from each well and the release of 51 Cr was counted using a Packard gamma counter-Cobra CPM. 4 Spontaneous and total releases were respectively determined by incubating labelled target cells either in RPMI-medium or RPMImedium containing 0.5% of Triton X-100. The spontaneous release did not exceed 15% of the maximal release.
Characterization of Cells by Flow Cytometry
Monoclonal antibodies specific for chicken CD3, CD4, and CD8 molecules were purchased from Southern Biotechnology Associates. 5 The antibody directed against MHC class II molecules was kindly provided by H. Lillehoj (USDA, Agricultural Research Service, Livestock and Poultry Sciences Institute, Beltsville, MD 20705). Spleen cells were stained with a 1:100 dilution of the monoclonal antibodies and goat anti-mouse IgG-FITC conjugate 6 as described elsewhere (Griebel et al., 1987 (Griebel et al., / 1988 . Data from 10,000 cells were collected on a FACScan, 7 and two-parameter analysis of forward-angle light scatter vs 90°light scatter was used to gate the lymphocyte population for fluorescence analysis. The percentage of positive cells was determined, and the percentage of spleen cells stained with an irrelevant monoclonal antibody was subtracted.
Measurement of Antibody to NDV
Antibody responses to NDV were measured by ELISA using the Newcastle Disease Antibody Test Kit from IDEXX Laboratories Inc. 8 Titres were obtained and calculated as described by IDEXX.
Statistical Analysis
Statistical analysis was performed on data using the General Linear Models procedure of the SAS Institute (1988). The statistical model used in the analyses of variance included hatch, VitA level in the different diets, and number of days after injections as main effects.
RESULTS
Body Weight Gain, Spleen, and Liver Weights, and Liver VitA Levels
Average body weight gains (BWG) of birds maintained on the 400 VitA and the 1500PF VitA diets were similar, but these were significantly lower (P < 0.0001) than BWG observed in birds fed the 1500 and 15,000 VitA diets (Table  1) . Interestingly, average BWG of birds dropped severely from 599 g in the 1st wk after injections to 336 g for the 7 to 14 d period. The reduction in rate of gain from the 1st to the 2nd wk was significantly smaller (P < 0.001) in the 400 and 1,500PF VitA groups than in the 1,500 and 15,000 VitA groups, generating the significant interaction. The groups of birds raised on the diets that resulted in higher growth rates also had the greater reduction in growth rate during this 7 to 14 d period.
As expected, VitA level in the diet had a marked effect on VitA concentration in livers of birds (Table 1) . Birds maintained on the 15,000 VitA diet showed a very high level of VitA in their livers compared with chickens fed the other diets. Because of this clear difference, the 15,000 VitA group was not included in the analysis of results to look at the effect of the other dietary treatments on VitA levels in chicken liver. The chickens raised on the 1,500PF VitA diet had liver VitA level significantly higher than those raised on the same diet ad libitum, whereas the group fed the 400 VitA diet had significantly lower liver VitA concentrations than groups maintained on the 1,500 and 1,500PF diets. As expected with a fat-soluble vitamin, VitA levels in liver increased with time, as shown by a significant effect (P ≤ 0.023) associated with the day of liver excisions.
Spleen weights (SW) and relative spleen weights (SW/ BW) of the birds maintained on different VitA diets increased significantly (P < 0.0001) with the level of VitA (Table 2) . Birds maintained on the 15,000 VitA diet had both average SW and SW/BW higher (P < 0.01 and P < 0.001, respectively) than birds on the 1,500 ad libitum VitA diet. In the 1,500PF group, SW and SW/BW were also significantly different compared to groups of birds maintained on the 400 and 1,500 ad libitum diets. The SW and SW/BW also increased significantly (P < 0.0001) with time as shown by the average for each day of testing. However, in the birds maintained on the 15,000 VitA diet, changes in SW and SW/BW with time were more important than changes in birds raised on the 400 and 1,500PF diet, resulting in significant interactions (P < 0.009 and P < 0.0516). Liver weight (LW) averages were significantly higher (P < 0.0001) in birds fed the 1,500 and 15,000 VitA diets ad libitum than in chickens raised on the 400 and 1,500PF diets. Birds in the pair-fed group also had a LW average significantly higher (P < 0.01) than the chickens on the 400 VitA diet, and lower (P < 0.001) than those fed the 1,500 ad libitum VitA diet. In all groups, absolute LW increased with time regardless the level of VitA in diet.
Relative liver weight (LW/BW) averages of birds raised on the 1,500PF, 1,500 ad libitum, or 15,000 IU/kg VitA diets were significantly lower than the LW/BW of chickens on the 400 IU/kg VitA diet. Changes in LW/BW with time were affected by VitA levels in the diet, generating a significant interaction (P < 0.0001). Three days after injections, LW/BW of chickens on the 15,000 VitA diet dropped from 3.27 and 2.77%, then increased to 3.03% on Day 7, and subsequently decreased, whereas birds maintained on 1,500 VitA ad libitum diet decreased gradually after injections. Birds raised on the 400 VitA diet responded with a marked decrease in LW/BW between Days 3 and 7, and Days 14 and 31 after injections.
Lymphocyte Responses to Mitogens and Skin Reaction to PHA
Lymphocyte responses to Con A, PW, and PHA measured at different times after vaccination are presented in Table 3 . Results show that overall responses to Con A of spleen cells isolated from birds fed the 400 VitA diet were higher (P < 0.01) than responses of chickens on the 1,500 and the 15,000 VitA diet ad libitum. There was no difference between average Con A responses of birds raised on the 1,500 ad libitum, 1,500PF, and 15,000 VitA diets. Average response to PHA in birds fed the 15,000 VitA diet was significantly lower (P < 0.01) that the one obtained for the chickens raised on the 1,500PF. No significant difference was noted between average PHA responses of birds that consumed the 400, 1,500 and the 15,000 VitA diet ad libitum. The level of VitA in diet also had a significant effect on lymphocyte responses to PW. Chickens raised on the 15,000 VitA diet had an average response significantly lower than birds on the other diets (P < 0.001), whereas the chickens on the 400 VitA diet showed a higher response than birds on the 1,500 ad Lymphocyte responses to the three mitogens were all significantly affected (P < 0.0001) by injections (Table 3) . Average responses decreased in the first 7 d after injections and then began to increase. Significant interactions between diet and day of testing occurred in responses to Con A (P < 0.037) and PW (P < 0.009). In responses to Con A and PW, all groups showed a decrease in lymphocyte proliferation, although the birds raised on the 15,000 VitA diet showed a larger decrease than birds raised on the other diets. In response to PW, birds maintained on the 1,500PF and 1,500 ad libitum had similar responses through time, whereas birds raised on the 400 and 15,000 VitA diets both had different response patterns with time after injections. The former group had no severe reduction in the 1st wk, whereas the latter showed another decrease from Day 14 to 21 following a marked increase from Day 7 to 14.
Interdigital skin reactions of birds fed the 15,000 VitA diet were significantly increased (P < 0.05) compared to chickens on the 400 VitA diet at 24 and 48 h after PHA injection (Table 4) . Skin reactions of the pair-fed group were not different from those of birds fed ad libitum with the same diet.
Cytotoxic Activity of NK Cells
Cytotoxic activity of NK cells was not affected by the concentration of vitamin A in diets (Table 5 ). There was no difference between groups maintained on different VitA diets. However, results showed that NK cell activity increased significantly (P < 0.0001) with age of the birds. Table 6 presents results on the percentage of lymphocytes expressing CD3, CD4, and CD8 molecules. There was no significant effect associated with the level of VitA on percentage of lymphocytes expressing CD3 although the percentage of CD3 + lymphocytes was significantly affected (P < 0.0001) following immunization. The average percentage of CD3 + lymphocytes in spleen increased in the first few days after immunization (Day 0 = 56.9; Day 7 = 71.6), and then decreased after 14 d. In the first few days after immunization, a significant reduction in percentage Percentages of lymphocytes expressing the CD8 molecule were also affected in chickens fed the 400 VitA diet (Table  6 ). In this group, the percentage of CD8 + lymphocytes increased markedly in the first 14 d after injection, as compared to the birds maintained on the other diets, and resulted in a significant (P < 0.0005) overall effect of VitA level on percentage of lymphocytes expressing CD8 molecule. There was no difference in the expression of CD8 molecule among groups fed the 15,000, 1,500, or the 1,500PF diet. There was also a significant effect (P < 0.0003) of VitA level in diets on the average ratio of CD4:CD8 T lymphocytes. Birds maintained on the 400 VitA diet had an average CD4:CD8 of 0.54, significantly (P < 0.0001) lower than the birds raised on the 1,500 VitA diet ad libitum, with a ratio of 0.83. Average ratios of CD4:CD8 lymphocytes in birds fed the 15,000 and the 1,500PF VitA diet (0.69 and 0.70, respectively) were also significantly higher (P < 0.025) than the one obtained for the 400 VitA group, and lower (P < 0.05) than the birds on the 1,500 ad libitum diet. In all groups, a marked reduction in the average CD4:CD8 ratio occurred with day of sampling, which resulted in a significant effect (P < 0.0001) due to days of testing postinjection.
Expression of Cell Surface Molecules on Lymphocytes
Percentages of lymphocytes expressing class II antigen were not significantly affected in birds fed the different VitA diets ad libitum, although the birds on the 15,000 VitA diet had an average percentage of 10.9, which was significantly lower (P < 0.02) than the 12.3% observed in birds maintained on the 1,500PF diet. In all groups, expression of class II molecules decreased with time, resulting in a significant effect associated with days of testing postinjection.
Antibody Responses to NDV
The antibody response to NDV was significantly affected (P < 0.0001) by the level of VitA in diet (Table 7) . Birds raised on the 400 VitA diet had an average antibody titer of 6,462, which was significantly higher (P < 0.001) than the average titer (3,473) of the 1,500 VitA group that consumed feed ad libitum. The antibody response to NDV of the 15,000 VitA group did not differ from the 1,500 VitA ad libitum group, whereas the average titer of the pair-fed group was significantly lower (P < 0.05). As expected, antibody titers increased with time in all groups and peaked around 21 d after injection. However, the antibody response of each group differed with time (Table 7) , resulting in a significant diet by day interaction (P < 0.0001). There was a markedly increased antibody response in birds fed the 400 VitA diet, and a reduced response in the pair-fed group, as compared to the responses in the 1,500 and 15,000 VitA groups.
DISCUSSION
It is clear from the results reported that growth and development of spleen and liver were affected in birds fed a low VitA diet. Reduced BWG has been already reported to be a feature of VitA deficiency (Anzano et al., 1979; Booth et al., 1987) . Differences between chickens fed the 400 VitA diet and birds of the other groups that ate ad libitum on BWG, SW, and LW could only be partially explained by low feed consumption, because SW and LW in birds maintained on the 400 VitA diet were more affected than those observed in the pair-fed group maintained on a diet containing 1,500 IU/kg of VitA. These results agree with those of , who reported that BW, spleen SW weights and relative SW of rats fed a VitA-free diet were less than those of rats on a VitA-supplemented diet at all time points. Davis and Sell (1983) , also reported reduced BWG, and impaired growth of the bursa of Fabricius and thymus in chicks fed a low VitA diet and a VitAfree diet, when compared to birds raised on a supplemented VitA diet. Similar results were obtained by Sijtsma et al. (1991) in chickens fed a low VitA diet after NDV infection, although LW and SW were not affected. Discrepancies may be due to differences in the severity of VitA deficiency, and in the experimental design.
In this study we also observed that cellular immunity and antibody responses to NDV were both affected by diets containing different levels of VitA. Overall, splenic lymphocyte responses to Con A and PW were greater in chicks fed a VitA-deficient diet than those fed ad libitum enriched diets, and a strong reduction in blastogenesis was observed in chickens raised on 15,000 VitA diet when compared with groups of birds maintained on the other enriched diets. These results are opposite to the pattern of differences obtained between the groups in their interdigital skin reaction to PHA. We observed that skin reaction to PHA was increased in chickens fed the 15,000 VitA diet and reduced in the group on the 400 VitA diet, when compared to the chickens raised on the 1,500 VitA diet ad libitum.
Increased delayed-type hypersensitivity (DTH) to purified protein derivative of mycobacteria has been also reported in mice infected with Mycobacterium bovis and fed a diet supplemented with VitA. The low feed consumption in the 400 IU/kg group cannot be an explanation for the observed differences, because the lymphocyte responses to all three mitogens and interdigital skin reactions by the pair-fed group were not different to the responses observed in chickens that consumed the 1,500 VitA diet ad libitum. These results suggest that both low and high levels of VitA in the diet influenced the nature of chicken lymphocyte responses to mitogenic stimulation, which could affect the type of T cell-dependent immune responses developed by the birds maintained on such diets.
Our results suggest that changes in CD4 + and CD8 + T lymphocytes due to VitA status could be in part responsible for such modulation of immune responses. Reduction in the percentage of CD4 + T lymphocytes, mainly the T helper (Th), in birds fed the 400 VitA diet resulted in CD4:CD8 ratios lower than those observed in birds fed enriched diets. This reduction of Th can affect the different populations of T cells involved in regulation of immune responses through the secretion of cytokines. Similar observation was reported by Carman et al. (1989) , who observed that Th frequencies in VitAdeficient mice were decreased by 60% compared to vitamin A-sufficient mice. The same group also observed that Th2 cells that produce IL-4 and IL-5 were present in abnormally low frequency, whereas Th1 cells secreted very high amount of IFN-g (Carman and Hayes, 1991) . Other researchers have observed that spleen cells from mice fed a diet supplemented with vitamin A show an augmentation of IL-2 production (Collizzi and Malkovsky, 1985) . Although there is no clear pattern of the effects of VitA status on cytokines secreted by T lymphocytes in chickens, strong skin reaction to PHA and reduced lymphocyte responses to mitogens in birds fed the 15,000 VitA diet when compared with birds fed the 400 VitA diet suggest that VitA status can affect T cell populations, the production of cytokines and types of immune responses developed.
Our results also showed that chicken antibody responses to NDV was affected by VitA level in the diet.
We observed a marked increase in the antibody response to NDV in chickens fed the 400 VitA diet compared to the birds fed with the other diets. This increase in antibody response to NDV in birds fed the 400 VitA diet, the high lymphocyte response to in vitro mitogenic stimulation and the reduced skin reaction to PHA also suggest that immune mechanisms under T cell control are modulated by VitA status of the animal. These effects on immune responses did not seem to be related to feed consumption because our results indicated that pair-feeding result in different types of immune reactions in the pair-fed group and suggest that restriction of feed to adjust feed intake induce metabolic changes that differ from those observed in animals fed low VitA diet. According to our observations, VitAdeficient chickens developed a Th2 type immune response, whereas the chickens fed highly enriched VitA diet showed a Th1 type immune response. These results are in agreement with those reported by Mossman and Coffman (1989) , who demonstrate that Th1 cells are the key mediators of a DTH response, and the impairment of this response could lead to an increase in the Th2 type immune responses. However, our results contrast with those reported by Carman and Hayes (1991) and Weidermann et al. (1993) , who reported that Th1 cells were up-regulated and Th2 cell functions were suppressed in VitA-deficient animals, and with those generally reported in the literature that antibody responses in VitA-deficient animals are lower than the response in VitA-sufficient animals (Ross, 1992) and growing chickens (Sklan et al., 1994) .
Differences between our results and those reported in literature could be related to a variety of aspects in the experimental design, such as the level of VitA in diets and duration of feeding with experimental diets, the live viral vaccine administered, and the age and type of the animals used. In this study, we have also considered the possibility that VitA can modulate the immune responses through the expression of class II molecules at the surface of cells. Our results indicated that VitA level in the diet had no effect on percentages of lymphocytes expressing class II molecules. Similar results have been reported by Carman et al. (1989) , who showed that the density of class II molecules was similar on B cells from VitA-sufficient and VitA-deficient mice. Based on these results, modulation of immune responses by VitA does not seem to be mediated by the expression of class II molecules at the surface of lymphocytes, although more study should be done to evaluate the effect on other antigen presenting cells that expressed this molecule after activation. Finally, we showed that cytotoxic activity of natural killer cells isolated from the spleen was not affected by low and high intake of dietary retinyl palmitate. Similar results were obtained in mice raised on a diet containing a high level of retinyl palmitate (Moriguchi et al., 1985) . However, our results contrast with others that showed a decrease of the NK cell activity in VitA-deficient rats (Bowman et al., 1990) , although further work demonstrated that NK cells from VitA-deficient rats retain the ability to be activated by IFN-a/b, and that in vivo lytic activity efficiency of NK cells in VitA-deficient rats could be increased in a manner similar to that of VitA sufficient rats (Zhao et al., 1994) . In all groups, NK cell activity increased with age. These results are in general agreement with previous work that reported that NK cell cytotoxicity varies with age and genetic background (Lillehoj and Chai, 1988) .
In conclusion, both cellular and humoral immune responses of growing broiler chickens were shown to be modulated by the level of VitA in the diet. Results indicated that birds maintained on low VitA diet developed strong antibody response to NDV and weak interdigital skin reaction, whereas birds maintained on the diet containing 15,000 IU of VitA/kg showed strong interdigital skin reactions and reduced antibody responses to NDV. These observations suggest that VitA-deficient chickens developed a Th2 type immune response, whereas the chickens fed highly enriched VitA diet showed a Th1 type immune response. These effects of VitA on type of immune responses in chicken need to be further studied to evaluate the role of VitA on differentiation of different populations of immunocompetent cells and on cytokines produced by T cells in animals fed regimens containing different amounts of VitA. This research would ultimately determine the optimal levels of VitA in feed for growing chickens, in order to improve immune system development and increase immune potential to resist infections.
